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Above All Things— 
INSIST UPON SAFETY 


PERATION of the modern aircraft engine is unique when 

compared with the operation of any other type of internal 

. combustion engine, for the aircraft engine is a distinctive 

type of power plant, subjected to operating conditions rarely found elsewhere than 

in the air. Upon the proper functioning of this power plant will depend the actual 
safety and frequently the lives of the occupants of a plane. 

As aresult, such an engine must be faultlessly designed with every attention given 
to the principles involved. In addition to this, it must be supplied with a grade of fuel 
capable of dependable ignition and combustion at the proper time, with the least 
possibility of misfiring. Design and fuel, however, can only be effective provided the 
engine bearings, cylinders and other mechanisms are perfectly protected by positive 
lubrication. 

It is obvious that any impairment to the lubrication system will cause rapid in- 
crease in friction throughout the engine, to result in higher bearing temperatures, 
for example, and a time will ultimately come when bearings will be so damaged or 
cylinders and piston surfaces so overheated that these parts will seize and the engine 
will stop. 

In view of the fact that continued and dependable aircraft engine operation is 
absolutely contingent upon effective lubrication, the relationship between engine 
design, and choice of the proper grades of oil to meet the operating conditions has 
been discussed in the following article. If it serves the purpose of indicating that The 
Texas Company is vitally interested in the promotion of aeronautics and more de- 
pendable operation of the aircraft engine, our efforts will have been justified. 
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Relation of Lubrication to Aircraft 
Engine Operation 


ROGRESS in the art of commercial as 

well as military flying, with the attendant 

developments in engine construction, has 
led to most intensive studies in regard to fuel 
and lubricating oil requirements. The latter 
have been given particular consideration in 
view of the perfection attained in design of 
lubricating systems, the comparatively high 
pressures and working temperatures to which 
the oil is subjected, the necessity for elimina- 
tion of carbon residue accumulations, particu- 
larly around piston rings at higher altitudes, 
and the nature of bearing construction. 

Consideration of the problems involved in 
the maintenance of effective lubrication of bear- 
ings has led to particularly interesting develop- 
ments in connection with extension of the 
utilization of the anti-friction bearing, as well 
as the design and materials used for plain 
bearings. 

The aircraft engine of but a decade ago 
functioned almost entirely on plain or sleeve- 
type bearings. The Spirit of St. Louis, how- 
ever, proved the adaptability and endurance 
of the anti-friction bearing in certain parts of 
the engine mechanisms. Since then practically 
the entire ship has been studied from this point 
of view, until today the use of ball or roller 
bearings has become standard on many types 
of planes as well as lighter than air craft, ex- 
tending on the former from the engine to the 
wheels, tail skids and other control elements. 

To compete with the anti-friction bearing, 


certain proponents of sleeve-type construction 
have, in turn, given most careful thought to the 
study of metallography and the science of metal 
plating, with a view to developing bearing sur- 
faces capable of resisting wear more effectively, 
functioning with a minimum of friction, and 
retaining a lubricating film most successfully. 
The results of such studies will be of distinct 
interest as time goes on and operating data 
comparative with present-day performance is 
gathered together. 


ENGINE DESIGN 

There are two prevailing types of engines 
employed in modern aircraft service, viz.: the 
fixed radial and the in-line type. They can be 
distinguished by the arrangement of the cylin- 
ders with respect to the crankshaft. In the 
radial engine the cylinders are located at equal 
angular distances through a complete circle 
around the crankshaft. In such an engine the 
cylinders are stationary, the crankshaft being 
the revolving element. One or more banks of 
cylinders can be used, according to the neces- 
sity for reducing frontal area. 

The in-line engine, in turn, has its cylinders 
located in line as in an automotive engine. 
Where but one row of cylinders is involved 
the engine is termed vertical. Where there are 
two linear rows, it is known as a Vee type. 
Where three rows of cylinders are involved, it 
is termed a W type: and where cylinders are 
opposed, that is, where two Vee type engines 
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are set with one inverted, the arrangement is 
called an X type. Certain of the other types 
may also be inverted to enable greater pilot 
visibility. 

The radial, the vertical and the Vee type en- 
vines are the three outstanding designs in 





Courtesy 


of Maybach Motor Company 


Fig. 1—Exterior view of the Maybach aircraft motor, showing essen 
tial external operating mechanisms 


military and commercial service in the United 
States today. 


Features of the Radial Engine 

The radial engine is distinctive for its low 
weight per horsepower, the adaptability to air- 
cooling, the relatively short length, the accessi- 
bility of valves and cylinder heads, and the 
ease with which it can be mounted or detached. 
A radial engine offers fairly high wind resist- 
ance, however, by reason of its frontal area. 
This will be especially true of higher horse 
power designs. Recent developments in cowl- 
ing design, however, are claimed to reduce such 
resistance materially. In fact, tests on certain 
types of such engines equipped with proper 
cowling have indicated the ability to develop 
equal speed to the in-line engine of the same 
horse-power. 

Three to eleven cylinders will normally be 
employed in such engines, according to their 
intended horsepower. Where cylinders are 
arranged equiangularly, in a single bank and 
served by the one crank connection, the number 
must be odd. This is the most usual construc- 
tion in the modern radial engine. The four- 
cycle principle is used entirely. Such engines 
are chiefly of the valve-in-head type. 


In-Line Engine Design 

Where linear or in-line type engines are in- 
volved cylinder arrangement will depend upon 
power requirements, frontal area limitations 
and fuselage design. Where six cylinders or 
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less are desirable, vertical arrangement is pre- 
ferred, due to low frontal area and the practi- 
cability with which installation can be effected, 
When power requirements call for eight or more 
cylinders, however, the Vee type is most 
popular. 

Angles of 45, 60 or 90 degrees will usually 
prevail between the cylinder banks in such 
engines, one crank being provided for each pair 
of cylinders in the same cross-section perpendic- 
ular to the crankshaft. The angle of the Vee 
will, of course, control the ultimate frontal 
area, As a result, it will frequently be advan- 
tageous to reduce the Vee as much as possible. 
The 12-cylinder Liberty engine, for example, 
is built with a 45 degree Vee. There are other 
twelves, however, with a 60 degree Vee, just 
as there are eights with a 90 degree Vee. Present 
day practice indicates preference of the two 
former angles due to the smoother operating 
conditions which have been found to result. 

Engines of the W and X type are less com- 
monly used in modern practice today, although 
extensive research in regard to the latter for 
high speed purposes has been carried on. In 
the W type engine there are three rows of 
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Courtesy of The Guiberson Diesel Engine Company 


Fig. 2—The Guiberson aircraft Diesel engine. The outstanding 


feature of this engine is the complete decompression possible, allowing 
“Free-Wheeling” of the propeller with the motor dead, 


cylinders, the center one being vertical, the 
side rows forming equal angles therewith. A 
typical W type engine will involve twelve 
cylinders and four cranks—one for each set 
of three cylinders. Overall length is, of course, 
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reduced by a W type engine, but frontal area 
is markedly increased. 
This will hold true likewise for the X type 


engine. In addition such engines will be con- 
siderably higher, requiring perhaps special 


fuselage design and construction. From a front 
view an X type engine may appear to be akin 
to the radial engine except that all four cylin- 
ders will not be spaced equiangularly. The 
sume angle, however, must prevail between 
each upper and lower pair. 

Liquid-cooling of linear type engines has 
been the most commonly used to date, although 
air-cooling of certain types has been found to 
be entirely practical. Considerable attention 
has also been given to the use of ethylene 
elycol in certain classes of service. 


CONSTRUCTIONAL DETAILS 
PERTINENT TO LUBRICATION 

The lubricating requirements of an aircraft 
engine can be best realized by understanding 
the principles of bearing construction. Both 
sleeve and anti-friction bearings are adaptable. 
In the vertical or Vee engine the plain or sleeve 
type bearing is extensively used. The principles 
of lubrication of such engines, with design of 
the lubricating system, are very similar to 
those involved in the average automotive 
envine. The most outstanding difference is the 
exclusion of oil supply from the crankcase by 
use of the dry sump system. 

There is marked tendency, however, to- 
wards adoption of the anti-friction (ball or 
roller) bearing, especially in the radial type of 
engine, although such elements have also been 
found adaptable to connecting rod bearings, 
for example in certain Vee type engines. 


Sleeve Type Bearing Clearance 

In the sleeve type bearing the essential prob- 
lem which must be solved in lubrication will be 
to maintain a continuous oil film within the 
comparatively small clearance spaces, regard- 
less of operating temperature fluctuations. 

Generally the amount of clearance which 
will be found in the plain bearings of an air- 
craft engine will be greater than in an auto- 
motive engine, although clearances will, of 
course, vary according to the size of the shaft 
or pin and temperatures maintained. 

An allowed clearance of 0.001 inch for each 
inch of shaft or pin diameter has been found to 
result in the maintenance of effective lubrica- 
tion and the development of the least amount 
of wear, provided, of course, that the lubricat- 
ing oil is suited to the operating conditions 
involved. 

It is important to remember that such bear- 
ings must be as light as possible within the 
limits of strength required, in order to reduce 
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weight. This is partly the reason why pins 
and shafts in most cases are of hollow construc- 
tion. 

As a result, lubrication must be absolutely 
positive at all times to insure complete filling 
of the clearance space, and elimination of fric- 
tion as far as possible. 


Rate of Oil Circulation 


The fact that lubricating oil in the modern 
aircraft engine serves a dual purpose, function- 
ing not only as a lubricant but also as a coolant, 
requires a rate of oil circulation considerably 
above that necessary for lubrication alone. 
Adequate cooling is absolutely essential in the 
interest of protecting the bearings against 
undue accumulation of frictional heat plus the 
heat developed by combustion. The amount of 
oil that should be circulated per minute will 
depend upon the type of engine, the method of 
external cooling and the viscosity of the oil. 

In the Liberty type of water-cooled engine 
a rate of oil flow of approximately twelve gal- 
lons per minute has been found to be satisfac- 
tory, provided the oil is of such viscosity as to 
give minimum temperature rise. Should the 
viscosity be too low it may be incapable of 
maintaining a protective film of sufficient thick- 
ness within the bearing clearances, with the 
result that more nearly metallic contact will 
prevail, to cause increased friction with pro- 
portional rise in temperature. The possibility 
of this becoming cumulative and causing ab- 
solute bearing failure must always be given 
careful consideration. 

Fortunately bearing design and lubricating 
oil viscosities have been studied so intensively 
as to prevent such an occurrence, provided 
oils of reputable manufacture, especially re- 
fined for air service are used. 

Such heat as is taken up by the engine oil in 
circulation is subsequently removed by the 
oil cooler or tank through which return oil is 
passed prior to re-circulation. 


Plain Bearing Construction 

The aircraft engine plain bearing will differ 
from the design used in certain other types of 
machinery, in that as a rule there will be fewer 
grooves cut, or frequently none at all. In part, 
the reason for this is to avoid decreasing bearing 
area to any marked degree, and to enable main- 
tenance of higher oil pump pressures. 

It must be understood, however, that where 
bearings are pressure lubricated, as in the air- 
craft engine, there will not be the same need 
for oil grooves, for distribution will be main- 
tained by the oil pressure at the points of de- 
livery. 

This pressure can, of course, be varied ac- 
cording to the probable working pressures to 


5] 





LUBRICATION 


he encountered. Automatically it will vary 
with bearing temperatures. For example, it 
will be comparatively high when cold starting. 
As the engine bearings warm up, however, the 
viscosity or body of the oil will be reduced, 
facilitating more ready flow through the clear- 
ance spaces. Normal operating pressures will 
average in the neighborhood of 60-80 pounds, 
although in some engines the maximum pres- 
sure will be over 100 pounds. 


Oil Pressure Drop 

Recent investigation of the cause of oil 
pressure drop with rise in temperature has 
indicated agreement with certain of the laws 
of flow of oil through pipes, to the effect that 
the amount of oil passing through a lubricating 
system is proportional to the pressure, pro- 
vided the viscosity is constant; or conversely, 
if the pressure is constant the amount of oil 
passing through the system will decrease 
rapidly as the temperature falls or the vis- 
cosity rises. 

In this connection it is interesting to note 
that study of the flow of oil through pipes in- 
dicates that there are two types of flow; Le., 
viscous or stream line flow and turbulent flow. 
In the case of viscous or stream line flow the 
pressure drops directly with the viscosity. In 
turbulent flow, however, a 50 per cent drop 
in viscosity may only bring about a 10 per 
cent drop in pressure. In a typical aircraft 
engine lubricating system there will probably 
be a combination of these two types of oil flow. 
It is important to remember that the above 
applies only to lubricating systems where there 
is no change in the cross section area of the 
oil passages and where there is no back slip of 
oil through the pump, as, on account of changes 
in bearing clearances due to temperature fluc- 
tuation, the oil may by-pass into the crank- 
case without going completely through the 
system. Variations in pressure will naturally 
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Courtesy of Maybach J:olor Company 
Fig. 3—Crankshaft element of a Maybach aircraft engine. 
occur. Furthermore, if there is any slip in the 
pump, when the oil becomes hot the resultant 
pressure will tend to drop. 
Oil pressure of itself is not necessarily an 
indication that the motor is receiving lubrica- 
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tion unless that pressure is considerably beloy 
the setting of the relief valve. Under norma! 
operations, approximately 60 per cent of the 
oil goes through the engine, the remainder 
passing through the relief valve, although this 
will depend on the design of the parts and the 
size of the oil pumps. In any case, flow of oil 
through the relief valve must occur in order 
to take care of abnormal temperature condi- 
tions, and the ability of the bearing clearances 
to accommodate the oil film. On the other 
hand, should the amount of oil passing through 
the relief valve increase abnormally, say to 
90 per cent, obviously the engine might not 
receive adequate lubrication. 

The higher the viscosity of the oil the less 
will go through the engine with the same relief 
valve setting, as more will go through the by- 
pass. Some manufacturers are coming to realize 
this situation and are calling for a lighter oil 
to be used in their engines in order to give 
better assurance of lubrication. Furthermore, 
with heavier oils, pump pressures beyond all 
reason might be necessary to maintain com- 
plete circulation in cold weather or high altitude 
flying; yet at normal temperatures such oils 
could be adequately circulated with a pressure 
of from 80 to 100 pounds. 


Metal Plating Bearings 

The question of plating certain sleeve type 
bearing alloys with some comparatively pure 
metal to increase the surface hardness and re- 
duce bearing wear has been studied rather 
carefully by engine designers recently. Chrom- 
ium has been given particular attention in this 
regard. To date, however, opinion is divided, 
although it is not unreasonable to expect that 
the results of research and operating tests may 
prove such a practice to be of benefit and per- 
haps an adjunct to more dependable engine 
performance through the protection afforded 
lubrication by reduction in metallic contam- 
ination of engine oils. 


Anti-Friction Bearings 

Use of anti-friction bearings of the ball or 
roller type has been favored for certain types of 
engine mechanisms, due to the fact that they 
will normally result in lower frictional heat and 
can function on less lubrication. 

Furthermore, oil pressure does not become 
as important a factor in the lubrication of anti- 
friction bearings as it does in plain bearings. 
This is largely due to the fact that anti-friction 
bearings involve chiefly rolling motion. As a 
result, the bearing elements are not so vitally 
dependent upon the lubricating film as in a 
plain bearing where sliding motion is involved. 

Inasmuch as there will normally not be the 
same tendency towards frictional heat develop- 
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ment the higher the load or speed the more 
advantageous will an anti-friction bearing 
become, due to the greater ease with which 
engine bearing temperatures can be maintained. 





Courtesy of The Warner Aircraft Corporation 

Fig. 4—Sectional view of the Warner Scarab engine, showing method 

of lubrication. Anti-friction elements are employed in the main bear 

ing, magneto drive and rocker arms. The connecting rod bearing is 
Babbitt lined, with provision for effective retention of the oil film. 


Propeller Thrust Bearings 
Ball bearings have been found particularly 
adaptable to propeller installation on certain 
types of engines. The purpose of such a bearing 
is to take up end thrust in the shaft as it is 
developed by the propeller. 
Such bearings, where ad- 
vantageously located, will 
usually be lubricated via the 
main oiling system or by a 
spray of oil from the over- 
flow from some adjacent bear- 


Designers have, therefore, developed what is 
known as the dry sump system, wherein the 
oil is stored in an external tank, two oil pumps 
being employed, one for circulation of oil 
through the bearings, the other for scavenging 
to maintain the oil sump practically oil-free. 
Experience has indicated the suitability of the 
gear type pump for this purpose. In design 
the average gear pump involves spur gear 
design, the rotating elements being located in an 
oil tight casing, adjusted with as low clearance 
as possible with respect to the casing, except 
at the point of mesh. 

It is interesting to note that the rotating 
vane type of pump is also being studied with a 
view to adaptability to lubrication service in 
the aircraft engine, as it has already been 
applied to fuel handling. An advantage of this 
type of pump is the simplicity of construction 
and economy of installation. 


OPERATING CONDITIONS 


The conditions under which the average 

aircraft engine must function will require: 

1. Normal running at more open throttle 
than in automotive service. 

2. Considerably higher compression pres- 
sures than encountered in automotive 
practice 

3. The ability to function under a wide varia- 

tion in atmospheric temperatures and 

pressures, 

. Means of cooling, capable of adjustment 
according to atmospheric temperature and 
type of engine. 
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ing. All such thrust bearings, 





however, cannot always be 
so served. Sometimes they 
will be so located as to require 
individual lubrication via 
an oil lead installed for this 
particular purpose. 

Pump Design with ball bearings. 

Inasmuch as engine bearing design, how- 
ever effective, will be dependent upon the 
dependability of the oil pumps, operation of 
these latter should be thoroughly understood. 
The circulating pump is in reality the heart of 
the engine, its pulse—the indication of oil flow 
—being the oil gauge. 

The fact that the modern airplane engine 
may be called upon to function in virtually 
any position eliminates the possibility of carry- 
ing the lubricating oil supply in the crankcase. 
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Courtesy of Standard Steel and Bearings, Inc. 


Fig. 5—Showing crank and propeller thrust assembly of the Lycoming R-680 engine, equipped 


5. Maintenance of lubrication according to 
the dry sump principle, whereby two oil 
pumps are employed; one for circulation 
of oil to the bearings, the other for the 
purpose of scavenging the crankcase and 
transmitting oil back to an external cool- 
ing tank. 


Throttle Requirements 


The extent to which the throttle is open will, 
of course, have an effect upon fuel consumption, 
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Courtesy of Wright Aeronautical Corporation 
C—Side and end sectional views of the Curtiss Conqueror engine, 


showing lubrication diagram 


Oil under pressure is shown in red 


Courtesy of the Packard 
Motor Car Company 
A—Sectional view and oil- 
ing diagram of the Packard 12 
cylinder “V" type aircraft 
engine, 2A-1500 and 2A-2500. 
Oil supply under pressure 
to the engine is shown inred. 
The return oil is shown by 
black arrows from scavenger 
pumps through oil cooler back 
to storage tank, 
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Courtesy of The Pratt and Whitney Aircraft Co. 
Path of 


B—Lubrication charts of a Pratt and Whitney engine. 
oil under pressure is shown in red. 
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engine temperature and durability. In thie 
automotive engine a continued wide-open 
throttle might impose such a heavy load as to 
give rise to overheating and perhaps to bearing 
failure. In the aircraft engine, however, this 





























Courtesy of Standard Steel and Bearings, Inc. 


Section of a Warner Scarab engine crankshaft, and propeller 


Fig. 6 
thrust assembly. 


is precluded by the positive manner in which 
lubrication is maintained and the considerably 
higher oil pressures employed. Effective lubri- 
cation is brought about by the dual pump in- 
stallation and the removal of the used oil from 
the engine by the scavenging pump to enable a 
certain amount of cooling in a storage tank ad- 
jacent thereto. 

* On the other hand, full throttle operation 
has been found to involve higher fuel consump- 
tion than where this opening is reduced to a 
certain extent. Throttling, however, involves 
reduction in speed, for it means a reduction in 
engine revolutions, although this will depend 
to some extent upon the propeller design. It is, 
therefore, a matter to be decided by the in- 
dividual pilot as to whether speed, or operat- 
ing economy plus engine durability should be 
given the most consideration. 


Influence of Compression Pressures 

Considerably heavier duty is also imposed 
upon the lubricating oil by the compression 
pressures which prevail in the average aircraft 
engine during the firing stroke. As a rule, these 
will range from 100 to 135 pounds per square 
inch at average engine speeds; this is consider- 
ably higher than found in automotive practice. 
It is essential to operate the aircraft engine 
under such pressures, in order to insure the 
required power output, although the use of a 
super-charger or induction blower is an aid in 
this type of service. 

Such pressures, however, will result in higher 
operating temperatures at the cylinder walls 
and increased pressure upon the lubricating 
film at the bearings. To offset this, higher lub- 
ricating oil viscosities are necessary than in 


July, 1932 


normal automotive engine practice. Especially 
will this be true in the air-cooled engine where- 
in the temperatures may be somewhat higher 
than in the water-cooled type. 


Altitude and Atmospheric Conditions 

The fact that the aircraft engine may have 
to function under widely varying atmospheric 
temperatures and pressures, depending upon 
the altitude of flying, will make it necessary to 
consider the oil viscosity and its ability to form 
a dependable lubricating film. Higher altitude 
flying must be given careful consideration 
in judging the carbon-forming tendencies of 
lubricating oils, due to the greater possibility 
of faulty action of the rings at the top of the 
pistons on account of carbon accumulations. 


Methods of Cooling 

Lubrication can be most effectively pro- 
tected by adequate means of cooling. This is 
accomplished either by: suitable jacketing 
where a water or chemical cooled vertical or 
Vee type engine is involved, or by an arrange- 
ment of fins on each cylinder, as in the air 
cooled radial engine. 

Kffective lubrication of cylinder walls es- 
pecially is directly contingent upon the extent 
to which they are cooled. Combustion tem- 
peratures are comparatively high and it is 
virtually impossible to prevent transfer of more 
or less heat to the lubricating film. 

















Courtesy of The Pratt and Whitney Atreraft Co 
and SKk Industries, Ine. 


Fig. 7—Crankshaft assembly of the Pratt and Whitney wasp engine, 
equipped with SKF bearings. 


Fortunately, however, it is practicable to 
control the rate of heat transfer and the tem- 
perature of the cylinder walls, to prevent dan- 
gerous reduction in the viscosity of the oil. In 
the beginning only cylinder walls and piston 
rings would be affected by the oil being too 
thin, but due to the fact that the heat transfer 
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occurs within the body of the oil in the system, 
the bearings would very soon suffer likewise, 
even to the point of seizure. 

Control of engine temperatures is maintained 
hy air or liquid cooling. Where direct air cool- 
ing is provided for, as in the radial engine, 
weight per horsepower is reduced and no in- 
tricate mechanisms are involved, other than 
suitable fin construction on the cylinders. In 
the liquid cooled engines, however, the circulat- 
ing system, pump and radiator must be con- 
sidered. All involve additional weight. In 
addition there is the weight of the water or 
cooling chemical which must be carried. Liquid 
cooling is, of course, but an indirect form of 
air cooling, for the liquid after taking up heat 
from the engine is reduced in temperature by 
radiation to the air prior to recirculation. 

While liquid cooling involves more accessory 
equipment, it may enable operation at some- 
what higher engine speeds, although this ad- 
vantage is claimed to be reduced by the most 
modern radials. Higher speeds would be ad- 
vantageous in war time, or where racing planes 
are involved, Liquid cooling, also, permits of 
more ready control of engine temperatures 
under varied air conditions. This is a factor 
just as in the automotive engine, where com- 
plete combustion, fuel economy, power output 
and maximum engine efficiency are under con- 
sideration. 

In connection with this matter of liquid 
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Courtesy of Axelson Aircraft Engine Company 
Fig. S—Oiling diagram of the Axelson aircraft engine, showing path 
followed by oil and essential parts pertinent to the oiling system. 


cooling, it is well to state that until but recently 
water has been chiefly used. There is a con- 
siderable amount of research being done, how- 
ever, in connection with certain chemicals, 
notably ethylene glycol. The outstanding ad- 
vantage claimed for the latter product, is that 


it permits of more complete cooling with a 
considerably reduced amount of coolant. This 
is, of course, helpful, both from the viewpoint 
of reduction in weight as wellas the degree to 
which simplified design of the cooling system 
can be brought about. 





Courtesy of The Pratt and Whitne y Atreraft Co. 


Fig. 9—Skeleton view of the gears of a Pratt and Whitney Wasp engine 


Advantages of Dry Sump Lubr‘cation 


With the exception of ball bearings and the 
cylinders on certain types of engines which are 
splash oiled, full pressure lubrication is em- 
ployed in the modern radial and in-line engine. 
In contrast with automotive practice such en- 
gines usually operate with a dry sump to meet 
the varied angular requirements. 

There are distinct advantages pertaining to 
dry sump lubrication in an aircraft engine; 1.e., 


1. It enables more complete cooling of oil 
in an external cooling tank prior to recir- 
culation. It, therefore, aids in bringing 
the oil more nearly back to its proper 
operating viscosity prior to being again 
subjected to service. 

2. It obviates flooding of the cylinders when 
angle or inverted flight is necessary, such 
as when taking sharp turns, banking, or 
looping. 


LUBRICATING SYSTEMS 

While full pressure lubrication is most ex- 
tensively used in the modern radial or in-line 
type of engine, the oil being scavenged from 
the crankcase for re-usage, the rotary engine is 
still so fresh in the memory of the war-time 
flyer as to warrant discussion of its method of 
all-loss lubrication, as well. 
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Radial Engine Service. 

In engines of this type the former will prevail 
as already mentioned. 
maintained in 


In other words, oil, 


while constant circulation 
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Courtesy of The Pratt and Whitney Aircraft Co. 


Fig. 10—External view of the Pratt and Whitney oil temperature 
regulator, designed to eliminate use of external oil coolers. Oil, as it 
comes from the engine, passes through a core type radiator, over which 
the mixture of gasoline and air from the carburetor flows, thereby cool- 
ing the oil in proportion to the throttle opening. 


through the engine moving elements, is not 
accumulated in a crankcase or sump as _ part 
thereof. Instead, it is removed by suitable 
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Suggested method of oil cooling 
using air scoop 


Suggested method of oil cooling using 
finned tubing 


Fig. 11—Showing three methods whereby oil temperature can be ¢ 
scavenge pumps and led to an outside tank, 
where it is cooled and recirculated by the oil 
pressure pump. Such pumps may be of the 
plunger or gear type; the latter predominate. 
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It is interesting to add that over-cooling of the 
oil in such an engine can be prevented in cold 
weather by suitably lagging or covering the 
oil tank. 

Oil, as it passes from the pressure pump, is 
discharged via a main distributing line to the 
main bearings, crankpin and connecting rod 
elements; from there it is carried to the piston 
pins and cylinder walls by centrifugal force. 
Ball bearings in certain types of such engines 
are lubricated in a similar manner or by splash. 


The In-Line Type Engine 


The value of pressure lubrication with a dry 
sump has also been indicated for engines of the 
in-line type. The advantage of the dry sump 
is that it eliminates a possibility of uncovering 
of the oil inlet or flooding cylinders with oil 
when a plane must dive, climb, bank or loop. 

A modern in-line type engine is therefore 
equipped with a pressure pump for delivery of 
oil and a scavenge pump for return of used oil 
to an oil cooler and storage tank located out- 
side of the engine. The practicability of in- 
stalling an oil cooler for warm weather flying 
or a heater for low temperature service is a 
feature of the dry sump system. The outstand- 
ing advantage, however, is the assurance of 
positive lubrication, regardless of the position 
of the engine during flight. 

As in the radial engine, the gear type oil 
pump is preferred for handling of oil to and 
from the working elements of the linear engine. 
The general course followed by the oil is from 
the storage tank to the pressure pump in the 
crankcase, thence through a main distributing 
line to serve the main bearings. Oil is then 
delivered, through suitable holes drilled in the 
crank shaft, under virtually the same pressure 
to the crank pin bearings through the drilled 
or hollow part of the crank pins. 
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Suggested method of oil cooling using 
external radiator 


Courtesy of Wright Aeronautical Cor poration 
-ontrolled and cooling accomplished in the Wright Whirlwind engine. 


Rotary Engine System. 

While the rotary engine is relatively obsolete, 
a word as to its lubrication will be of interest. 
In engines of this type lubrication may be said 
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to function according to the principles of the 
all-loss system. In other words, there is no re- 
circulation involved, oil being completely used 
up in its course through the engine. As a result, 
such engines will show a comparatively high 
oil consumption. 

Only one pump, therefore, will be necessary 
in such engines; 1.e., for initial delivery of the 
oil to the main bearings, crank connections 
and cam gear. From this point lubrication of 
piston pins and cylinder walls is brought about 
by the action of centrifugal force on such excess 
oil as passes through the pressure lubricated 
bearings. 

Where gasoline is passed through the crank- 
case prior to delivery to the combustion cham- 
bers, there will, of course, be contact between 
fuel and lubricating oil. This latter, therefore, 
must be a non-miscible product; that is, it 
must not tend to become cut back or reduced 
in viscosity by gasoline. For this reason castor 
oil is used in such types of rotary engines. 
Petroleum lubricants cannot serve the purpose, 
due to their solubility in gasoline. 


PROPERTIES WHICH AN AIRPLANE 
OIL SHOULD POSSESS 

By reason of the service requirements which 

an aircraft engine oil must meet, it is advisable 
































Courtesy of Norma-Hoffmann Bearings Corporation 


Fig. 12—Showing application of Norma-Hoffmann roller bearings to 
the master rod of a radial type aircraft engine. 


to study those distinctive characteristics which 
such an oil should possess. In this regard, one 
must consider the comparatively low clearances 
which exist within certain types of sleeve or 


plain bearings, and the extraordinarily high 
speeds of certain supercharger elements. All 
this requires consideration of: 
1. The ability to withstand abnormal change 
in viscosity or fluidity under prevailing 
operating or starting conditions, 

















Courtesy of The Pratt and Whitney Aircraft Co 
Fig. 13—Rear section of the Pratt and Whitney Wasp engine, show- 
ing gear arrangement with respect to other parts of the engine. 


2. The carbon residue content, 

3. The tendency to develop gummy residues 
which might clog the lubricating system, 
impair the free movement of piston rings 
and retard free circulation of the oil, and 
4. Low pour test, for this will preclude any 

possibility of congealment in the pumping 
system on starting. 

Straight mineral oils, or in certain types of 
engines a mineral-fatty oil compound have been 
proved best suited to meet these requirements. 
The former are chiefly used in the United 
States. They may be either straight distilled 
products or blends made from distillates plus 
highly refined residuals, such as filtered cylinder 
stocks. The purpose of blending is to gain 
added viscosity to meet conditions of operation 
which may involve abnormally high pressures 
or temperatures. These latter will frequently 
run as high as 500 degrees Fahr., at the top of 
the cylinders. 

The science of petroleum refining has been 
extensively adapted to the manufacture of such 
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products. A most interesting feature has been 
the ability to obtain distilled oils from crudes 
of selected base which will have a viscosity as 
high as 90 to 100 seconds Saybolt at 210 degrees 
Fahr. Among the advantages of such products 
is their normally low carbon residue. This will 
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Courtesy of The Pratt and Whitney Aircraft Co. 

Fig. 14—Showing cylinder assembly of a Wasp radial type engine. 

Note in particular the relative size of the ball bearing elements for the 
rocker arms 


be a decided factor in the reduction of the 
possibility of development of residues in the 
lubricating system or around the piston rings. 

With certain Vee-type engines, however, 
research has indicated that a compounded oil, 
viz.: a straight mineral product containing a 
slight percentage of selected fatty oil, may be 
advantageous by reason of the increased degree 
of oiliness which is imparted by the fixed oil 
content. It is, however, reasonable to presume 
that there might be increased possibility of 
development of gummy residues, for virtually 
any fatty oil will have this tendency when 
worked under fairly high temperatures for any 
length of time. 

In fact, this is one reason why castor oil has 
been so extensively supplanted by petroleum 
lubricants in aircraft engines of especially the 
radial, vertical and Vee types. It is still pref- 
erable, however, to use castor oil in rotary type 
engines where principles of design will call for 
contact of the lubricant with the fuel. In such 
cases mineral oils, of course, would be so cut 
back or reduced in viscosity by gasoline as to 
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seriously reduce their subsequent lubricating 
ability. 

Another reason why castor oil has lost favor 
in connection with fixed type engines has been 
lack of dependable supply of the properly re- 
fined product in the United States. In certain 
parts of Europe, however, conditions of supply 
are such as to render castor oil a preferred 
lubricant, according to certain authorities. 


Viscosity Requirements 

The viscosities required for general aircraft 
engine service are higher than average auto- 
motive operation will necessitate. The reason 
for this is the frequently higher engine temper- 
atures which will prevail, the necessity for 
service under higher pumping pressures, and 
the desirability of keeping oil consumption as 
low as possible, in order that the amount of oil 
carried may be reduced. 

The higher the temperature, of course, the 
greater will be the degree of fluidity of any 
lubricating oil. Such conditions will be es- 
pecially apt to develop in warm weather flying 
when the amount of external cooling will be 
appreciably lower than in cold weather or at 
high altitudes. 

It is, therefore, essential to observe the ut- 
most care in the selection of the proper grade 
of airplane engine oil which will have a vis- 
cosity in conformation with the probable flying 
and operating temperatures. Haphazard choice 
in warm weather, for example, may be the 
forerunner of an excessive reduction in the 
fluidity of the oil in service, with oftentimes 





Courtesy of The Fafnir Bearing Co. 


Fig. 15—Showing special roller 
thrust bearing assembly for a Hamil 
ton Hydro-Controllable Pitch Pro 
peller. 


ineffectual lubrication of certain of the wearing 
parts of the engine, as well as abnormal increase 
in the rate of consumption. The ultimate oc- 
currence of scored or burned out bearings, of 
abnormal wear on cylinder walls and an ex- 
cess of oil pumping past the piston rings will 
all result in excessive costs of engine main- 
tenance and probable decrease in power output. 
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